ABSTRACT Background: Persons aged 65 years and older represent a heterogeneous group whose prevalence in the USA is expected to markedly increase. Few investigations have examined the total burden of disease attributable to lower levels of income in a single number that accounts for morbidity and mortality.
INTRODUCTION
The USA has been experiencing a demographic shift in its age pyramid, as the population aged 65 years and over is projected to nearly double between 2012 and 2050. 1 Although life expectancy for persons in the USA has been increasing, the incomemortality gradient has widened. 2 3 Differences in life expectancy at age 50 based on lifetime earnings are projected to increase at least twofold. For example, among men born in the 1930 cohort, the highest income quartile have a life expectancy of 5.1 years longer than the lowest income quartile, and this gap has been projected to be 12.7 years for men born in the 1960 cohort. 1 A recent analysis of tax records and Social Security Administration death records found that the differences in life expectancy among
Strengths and limitations of this study
▪ Although numerous studies have examined the relationships between income and mortality and income and morbidity, fewer investigations have examined the total burden of disease attributable to lower levels of income in a single number. ▪ This is the first study that examines qualityadjusted life year (QALY) according to income category for the US population aged 65 years and older. ▪ Study limitations include (1) the sample size was too small to detect any difference in QALY loss due to low income within subgroups; (2) we were unable to determine if participants were still employed, a factor that would impact income and that would be expected to have an association with educational attainment and (3) although wealth may be more strongly associated with burden of disease than income, the National Health and Nutrition Examination Survey (NHANES) only included income-related items. ▪ A final limitation is that the NHANES did not include preference-based health-related quality of life (HRQOL) questions, so we used a mapping algorithm to obtain EuroQol five dimensions questionnaire (EQ-5D) index scores for respondents based on their answers to other HRQOL questions.
persons aged 40-76 years increased over the period from 2001 to 2014 across income groups. 3 Not surprisingly, life expectancy was correlated with health behaviours both for persons in the top and bottom income quartiles. 3 Regarding morbidity, Love-Koh et al 4 adjusted for health-related quality of life (HRQOL) and found a substantial increase in the size of the socioeconomic health inequality as compared with life expectancy alone. Compared with wealthier persons, persons with a lower income are more likely to report fewer average healthy days and a greater number of chronic diseases and behavioural risk factors such as smoking. 5 These inequalities according to income continue to persist after adjusting for comorbidities and health behaviours both for persons in the top and bottom income quartiles. 3 6 Although numerous studies have examined the relationships between income and mortality and income and morbidity, fewer investigations have examined the total burden of disease attributable to lower levels of income in a single number. 7 8 In contrast, the vast majority of the literature examines the burden of disease due to diseases, injuries and behavioural risk factors. 9 Although a recent investigation examining the burden of disease focused on risk factors across the age span, the investigators concluded that further analyses are needed to determine the underlying causes of health loss according to income, education and race/ethnicity as well. 10 With regard to income, Muennig et al 7 calculated that persons aged 18 years and older in the top 20% of households by earnings live 4.3 years and 6.4 health-adjusted life years (HALYs) longer than the remainder of the population, an annual difference of nearly 11 million years of prematurely lost life or 17.4 million HALYs. In another study, Muennig et al 8 investigated the contribution of eight social and behavioural risk factors and discovered that living at <200% of the Federal Poverty Level (FPL) reduced quality-adjusted life expectancy more than any other risk factor, even after controlling for the effects of education. Yet the focus of this study was on the general population, not the elderly, and the mean age of the sample was 46.3 years of age.
Given that life expectancy is increasing and that the gap between the incomes of high earners compared with lower earners has increased in the elderly, understanding the relationship between the disparities in income on both mortality and morbidity (burden of disease) is critical in this population. Since income inequality adversely impacts population health, and has been increasing over the past three decades in many countries, policies might be enacted earlier in the life course in order to narrow the associated gap in health in later years. 11 Such policies might extend beyond the medical arenas by including social and economic decisions. This study sought to gain a better understanding of the association of income on persons aged 65 years and older on the remaining quality-adjusted life years (QALYs) at various levels of income as well as how differences in educational attainment, race/ethnicity, marital status and number of comorbidities are related to levels of income, which in turn affects the remaining QALY.
MATERIALS AND METHODS
QALYs is a single value index that quantifies the burden of disease. It reflects all aspects of health, including nonfatal illness and mortality outcomes by weighting lifeyears lived with preference-based HRQOL scores. 12 Preference-based HRQOL, also called health utility value, is a summary score that assesses the preferences of one health state versus another state. The health utility value is anchored at 0 for death and 1 for perfect health, 12 so 1 year living in a reduced health state of utility value of 0.5 equals 0.5 QALYs, the same as living one half year in perfect health.
Data: This analysis used de-identified data produced by federal agencies in the public domain and therefore no ethics approval was required. Data were downloaded from the Centers for Disease Control and Prevention website (ftp://ftp.cdc.gov/pub). This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors. We ascertained respondents' HRQOL scores and mortality status from 13 14 The NHANES is an ongoing survey of random samples from the non-institutionalised civilian population of the USA. 13 With the use of the design weight and adjustment for non-coverage and non-response, the distribution of respondents was representative of the US general population. 13 The NHANES Linked Mortality File was created by the National Center for Health Statistics (NCHS) by linking the NHANES respondents to the National Death Index (NDI). 14 The respondents in this analysis had mortality follow-up through 31 December 2011. We included only respondents aged 65 years and older at the baseline, yielding a total sample size of 4952.
The NHANES included a questionnaire which asks respondents to rank their general health from 1 (excellent) to 5 ( poor) and to report numbers of their physically unhealthy days, mentally unhealthy days and days with activity limitation during the past 30 days. 15 This study employs our previously published mapping algorithm based on respondents' age and answers to these four questions to obtain values of a frequently used preference-based HRQOL measurement, the EuroQol five dimensions questionnaire (EQ-5D) index, to calculate QALY. 16 This algorithm provides valid estimates of EQ-5D scores for respondents and the bias of estimated QALY from these scores has been estimated to be <1% of that using the actual EQ-5D questions. 17 The NHANES includes information on respondent sociodemographic characteristics and certain diseases at the baseline. 13 These variables were included in the analyses to assess potential associations with these variables and category of income. The analysis examined age, gender, race/ethnicity, educational attainment, income, marital status and number of comorbidities. The NHANES calculated income to the FPL ratio for respondents. Income initially was categorised into six levels based on the percentage of FPL-<100% FPL, 100 to <138% FPL, 138 to <250% FPL, 250 to <400% FPL, 400% to <500% FPL and ≥500% FPL-but then was dichotomised into <250% FPL and ≥250% FPL. The initial cut-off points were chosen because they are the basis of determining Medicaid eligibility and assist in determining eligibility for other non-healthcare-related assistance programmes. 18 Statistical analysis: Since most of the participants are alive at the end of follow-up, we calculated mean QALY throughout the remaining lifetime by extrapolating quality-adjusted survival time beyond the end of follow-up using our newly developed QALY estimator. 19 This study applied a hybrid method that calculated QALY from two parts: QALY during the follow-up period (to 31 December 2011) and QALY beyond the follow-up period (after 31 December 2011). Details of this method have been described previously. 19 In summary, QALYs during the follow-up period were estimated based on the Kaplan-Meier method while QALYs beyond the follow-up period were estimated by extrapolating survival time beyond the end of follow-up using a Weibull model. 20 We calculated mean QALY according to different levels of income. A propensity score method was used to account for the systematic difference in participants' characteristics, such as age, sex and education, between persons of different income levels. 21 
RESULTS
The average age of participants was 73.5 years (SD=5.8 years) at the start of the study (table 1) . Women comprised 55.4% of the population and non-Hispanic whites comprised 83.5% of the population. Only 7.9% were non-Hispanic blacks and 5.8% were Hispanics. About 16.6% of participants died during the follow-up, yielding a mortality rate of 3.83 deaths per 100 person-years (table 2). The mean EQ-5D score was 0.828 and the mean QALY throughout the remaining lifetime was 12.6 years.
Among US adults aged 65 years and older, EQ-5D scores increased and mortality decreased with each rise in the category of income. These patterns resulted in participants with a higher income category having a greater remaining QALY. After adjusting for age, gender and education, the total range of QALY remaining ranged from 8.6 years for persons in the lowest income category (<100% FPL) to 18.4 for persons in the highest income category, a difference of 9.8, or a loss of 53.3%.
After adjusting for age, gender and education, significant losses in QALY according to income category, <250% FPL as compared with ≥250% FPL, were noted for men and women as well as for non-Hispanic whites, non-Hispanic blacks and Hispanics (figure 1). Although the QALY losses associated with <250% FPL were greater for women than for men and were greater for Hispanics than for non-Hispanic whites and non-Hispanic blacks, the differences were not significant. With regard to age, participants in the young-old age category (65-74 years) and the middle-old age category (75-84 years) who reported an income of <250% FPL had a significantly lower QALYs than their counterparts who reported an income of ≥250% FPL. In contrast, no significant difference in QALYs according to income was noted in the old-old age category (85 years and older). In addition, significant losses in QALY by income category were noted for persons who were not married or living with a partner as well as persons with fewer (0-1) and more (2 or more) comorbid conditions. Since education may act as an effect modifier for the relationship between income and burden of disease, we applied a stratified analysis to estimate the impact of income at different levels/categories of education (table 3) . This analysis was conducted because participants reporting a higher level of educational attainment were more likely to be in a higher income category (OR=4.4, 95% CI 3.6 to 5.3). Among participants with a lower educational attainment, those who reported an income of <250% FPL had similar QALY remaining compared with those who reported an income of ≥250% FPL (10.6 and 10.1, respectively). In contrast, the remaining QALY loss proved to be statistically significant for participants with higher educational attainment who reported an income of <250% FPL compared with ≥250% FPL (11.3 vs 15.9, loss of 4.6 QALY; 28.7% loss). Similarly, the impact of education on QALY differed according to category of income. Among participants who reported an income of <250% FPL, those with a higher educational attainment had a similar QALY remaining compared with those with a lower educational attainment (11.3 vs 10.6). In contrast, the remaining QALY loss was statistically significant for participants reporting ≥250% FPL who had a low educational attainment compared with a higher educational attainment (10.1 vs 15.9, loss of 5.8 QALY).
DISCUSSION
To the best of our knowledge, this is the first study that examines the burden of disease due to differences in income for a representative sample of the US population aged 65 years and older. By linking the NHANES with the NDI, both morbidity and mortality could be determined. Since the 1970s, the income gap in the USA has continued to widen and the income dispersion among this population also is greater compared with younger households. 22 23 This is surprising, given that Social Security provides about half of the cash income for seniors. 23 On a parallel note, life expectancy has increased for persons earning more money but this increase is much less, or even declines, for lower earners. 1 Our results indicate that the association between income and burden of disease is present at all levels of income examined and, although the difference in QALY between different levels of income may not be statistically significant, the magnitude of change would be considered clinically important.
Investigators have noted that socioeconomic differences widen dramatically through middle age and early old age and then diminish in old age. 24 Our findings are consistent with the literature, as we noted that the percentage change in QALYs lost decreases when moving from young-old, middle-old, and old-old. There are multiple potential causes for a lack of impact of income level on burden of disease in the oldest age group but this topic has not been widely examined. 25 Interestingly, Hummer and colleagues examined data from the NCHS and found that among non-Hispanic blacks the mortality rates are 30-50% higher than for non-Hispanic whites at ages 65-79 but then converge at ages 80-84, eventually crossing over among persons aged 85 years and older. 26 Our stratified analysis revealed a more complex relationship between category of educational attainment and income, as the gain in QALYs due to a higher category of income only was seen in persons with a higher educational attainment. Disparities have been noted with regard to quality-adjusted life expectancy and educational attainment for the Dutch population but these investigators did not examine the role of income. Specifically, Gheorghe et al 27 noted that 65-year-old men reporting a low educational level had 3.48 fewer QALYs than males reporting a high educational level and observed a similar pattern for 65-year-old women. When we examined the QALY loss due to educational attainment, we found a QALY loss of 3.9 between the lowest category of educational attainment (<9th grade) and the highest category of educational attainment (some college or higher) (data not shown). Our findings indicate that the magnitude between the remaining QALYs for participants at our highest and lowest income categories is greater than that due to educational attainment. Even after adjusting for education, persons reporting an income of <100% FPL (bottom 9%) had 9.8 fewer QALYs remaining than persons reporting an income of ≥500% FPL (top 17%).
In our study, after adjusting for education, differences in the remaining QALY by income category were present for young-old and middle-old persons as well as for men and women, whites, non-Hispanic blacks and Hispanics, and according to marital status and number of comorbidities. The impact of income on the remaining QALY lessened among the group of persons with more comorbidities as compared with the groups who had fewer comorbid conditions. This may have been because the impact of the multimorbidity might play a more prominent role in the QALY remaining. Yet disparities persisted in QALY remaining between persons with the same number of comorbid conditions who differed according to category of income. Von dem Kneseback et al 6 also noted that disparities in HRQOL according to income existed among patients between the ages of 65 and 85 years with multiple comorbidities. However, these investigators did not examine disparities by age among this sample.
Our study has a number of limitations. First, although our study had nearly 5000 participants, enabling us to analyse and adjust for a number of sociodemographic factors, our sample size was too small to detect any difference in QALY loss due to low income within subgroups. Second, we were unable to determine if participants were still employed, a factor that would impact income and that would be expected to have an association with educational attainment. Third, while evidence exists that wealth may be a better indicator of socioeconomic well-being as compared with income, especially among persons aged 65 years and older, the NHANES only included income-related items. 28 29 Wealth may be more strongly linked to health and mortality than income, and therefore our results might underestimate the true impact of wealth on the burden of disease in the USA. The association between wealth and health also has been shown to be stronger in the USA compared with many other countries with statebased healthcare systems. 29 30 Finally, the NHANES did not include the preferencebased HRQOL questions. We used a mapping algorithm to obtain EQ-5D index scores for respondents based on their answers to other HRQOL questions. Estimates of QALY loss would also most likely be underestimated due to regression towards the mean. 31 However, a previous study that examined the bias of QALY estimates showed that these underestimations were about 2.5% for QALY loss. In conclusion, this study estimated the burden of disease attributable to category of income by calculating QALY throughout the remainder of life. Although the literature has noted that the income disparities may decrease among persons aged 65 years and older, these disparities were of great magnitude among the youngold and middle-old. Our findings are significant in the context of a growing elderly population which represents an extremely heterogeneous group with regard to life expectancy and income dispersion. A greater understanding would enable long-term planning for the anticipated health needs of this growing population.
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